The morphological and histological changes which occur in the cold-induced apical meristem of broccoli (B. oleracea var. italica cv. 'Fiesta') during transition from the vegetative to the generative phase have been demonstrated in our previous investigations. Now, a light microscopic study on the micromorphological parameters of the tunica and corpus of the meristem was undertaken to ascertain their association with devernalisation. Changes in the apex of broccoli seedlings grown for 26 days at 24 o C, succeeded by 35 days of cold treatment (16 o C -vernalization) followed by 14 days of warm treatment (24 o C -devernalization), were studied and described. Microscopic analysis according to the new method of slide preparation showed cytohistological zonation and the spatial distribution of cells in the central and peripheral zones of the broccoli shoot meristem more precisely than possible hitherto. Comparison between subsequent stages of meristem reorganization after devernalization revealed variation in the structure of the apex during its transition to the evocation phase of flowering. The results of measurements show that the tunica width changes irregularly, increasing from its minimum value (112.39±5.78 μm) through the medium one to the maximum values (260.32±2.50), to decrease again, while its height increased and decreased sinusoidally from its minimum value (21.52±4.30μm) to the maximum one (76.98±7.44μm) and then decreasing again to the minimum value (21.52±4.30). The stratification of the tunica as well as its width and height revealed relatively low variation within the analyzed time. These structural traits correlated with cold/warm treatments may be further utilized in the broccoli breeding programme against developmental disturbances.
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INTRODUCTION
Data concerning the cytohistological zonation of the shoot meristem are well documented in the literature (H e j n o w i c z , 2002). In shoot apices of angiosperms, the tunica-corpus concept and the cytohistological zonation concept (the central zone, the flanking zone, and the rib meristem zone) are compatible, although based on entirely different principles. In the tunica-corpus concept the distinction is based mostly on the plane of cell division, while in the zonation concept the separation of zones is based on the different cytological appearance of cells (C o r s o n and G i f f o r d , 1969). The zonation of the apical meristem was gradually lost as the plants became older (it is still evident in 5 cm high seedlings but later, when they reach 25-50 cm, the zonation disappears). Some authors have explained the disappearance of zonation in older plants as resulting from the transition to the intermediate phase during which the meristem can no longer be receptive due to the increase of mitotic activity in the axial region (C u t t e r , 1970).
Recently, the zonation of the shoot meristem have been described by cellular, functional and genetic parameters concerning the spatial distance between slower dividing initials of the central zone and the faster dividing peripheral, organogenic zone (S c of i e l d and M u r r a y a , 2006; V e i t , 2006).
The transition from the vegetative to the reproductive phase during broccoli shoot apex development is a prominent change in the plant life cycle, strongly dependent on multiple environmental factors, i.e. day length, light intensity, temperature (F u j i m e and O k u d a , 1994; F u j i m e and O k u d a , 1996; M o u r a o and H a n d l e y , 1998). Temperature dependence was the factor which synchronized broccoli curd induction in a large population of seedlings, and this was especially induced by cold treatment. It was found that the optimum temperature for broccoli vernalisation was 16 o C (W u r r et al. 1995) . Under cold treatment, the induction of flowering may be applied to three different stages of plant development: only for seeds, for juvenile seedlings, or mature plants. Vernalization depends not only on genotype, but also on the seedling stage, i.e. in Brassica oleracea var. gemmifera (brussels sprout) the effectiveness of cold treatment applies only to nine-week-old seedlings, while in Brassica oleracea var. botrytis (cauliflower) young seedlings of no more than two weeks were the most receptive (B e s n a r d -W i b a u t , 1977).
Generative transition of the shoot apex of Brassica oleracea var. italica cv. 'Fiesta' to flowering under thermal time requirements was investigated using histological criteria of the shape and size of the meristem (K a ł u ż e w i c z et al. 2002) . In order to apply micrometric analysis, the authors indicated four developmental phases of broccoli meristem: vegetative, evocation, early generative and late generative, which followed fluently one after another. They also stated that "the time from the planting out of broccoli seedlings cv. 'Fiesta' to the evocation phase was constant and amounted to 18 days, but the time from sowing to planting out lasted much longer and was variable (29 to 43 days)" (K a ł u ż e w i c z et al. 2002) .
Predicting broccoli development arising from variable climatic conditions is of high practical importance. A sudden increase of temperature can modify the floral initiation response in broccoli (T a n et al. 2000). Above 22 o C (W u r r et al. 1995) or 24-27 o C (B j ö r k m a n and P e a r s o n , 1998) no vernalization effect was found. According to Fontes et al. (1967) , a sudden increase in temperature to [22] [23] [24] [25] [26] o C after cold treatment has a devernalization effect. However, it has not yet been determined for how long and at what developmental phase warm treatment will act to reverse vernalization.
The aim of our experiment was to determine changes in the developmental phases after devernalization of the shoot apex of the broccoli cv. 'Fiesta' during transition from the vegetative to the generative phase of inflorescence development.
MATERIALS AND METHODS
Seeds of broccoli (Brassica oleracea var. italica cv. 'Fiesta') were sown on the 23 rd of March 2006. After six days the seedlings were potted in peat moss with the addition of lime (pH 5.6). Until the five-leaf stage, the seedlings were grown in a growth chamber at . All samples were fixed in FAA (formalin-acetic-acid-ethanol), and then dehydrated and after staining with 0.1% aqueous solution of Eosin B (Sigma) they were embedded in paraplast. Serial longitudinal sections, 7-10 μm in thickness, were cut. The staining method with safranin-fast green had been utilized previously (K a ł u ż e w i c z et al. 2002) , but at present only an analysis of paraplast sections without the staining procedure was applied (Samardakiewicz, personal communication). Sections were preserved without any deformations due to the dehydration procedure. Eosin B, as a fluorescent dye, stains the cell walls and makes it possible to register shoot meristem images with a Zeiss confocal microscope LMS 510, using laser light of 514 nm and HFT 458/514 I LP 530 filters.
Size determinations of the shoot apex zones were carried out on median longitudinal sections. Width and height micrometric measurements of the tunica of the shoot apex from each time of meristem isolation were taken in reference to a line established from the bases of the youngest leaf primordia in the section and perpendicular to the axis of the stem (Fig. 1) . The accuracy of the width and height measurements of the tunica was dependent upon their cytological distinctiveness from the surrounding zones. Samples were statistically analysed employing ANOVA to ascertain the significance of tunica characteristics. 
RESULTS
Shoot meristems of broccoli during synchronous thermal induction to flowering show differences of their histological characters (e.g. cell size, shape, and stainability).
Vegetative apex
The apical meristem of broccoli was relatively small (0.3 to 0.5 mm in diameter) and dome-shaped and it had a tunica-corpus organization. The zonation of shoot meristems (central, peripheral, and sub-apical) was present in varying degrees in all sections of one specimen. Temporary fluctuations of its shape occurred as the apex periodically increased in diameter and became flattened during leaf primordia initiations. No differences in the pattern of zonation could be observed between maximal and minimal areas (plastochronic phases) of the shoot apex. As vegetative growth progressed and new leaf primordia were cut off, the buttress appeared to flatten out slightly. Although this feature was observed frequently, it could not be associated with floral induction only. In the vegetative apex, the mitotic activity was higher in the peripheral zones than in the central ones. Topographically, the shoot apices (control) varied from dome-shaped ones at the beginning of observations, while by the end of the experiment they had become broad and flattened (Fig. 2 A 1 -A 6 ) .
Characteristics of the tunica
Stratification on the vegetative tunica consists of 4 to 6 layers of cells with anticlinal divisions. Such a large number of cell layers has not been previously reported for the tunica of broccoli owing to the application of differing methods of fixation and section dehydration. In most samples of multiseriate tunica, the cells of the L 1 -L 3 layer were the same size as the cells of the L 4 and remaining layers, which were somewhat irregular in shape and in arrangement. There were significant differences between the parameters of tunica height in meristems collected at the end of May compared to the beginning of June (Fig. 5) . After devernalization treatment, the tunica height started to increase from 21.52±4.29 μm to 76.98±7.44 μm and to decrease from 76.97±7.44 μm down to 23.52± 1.90 μm, while the width alternatively increased or decreased (Figs 3 B-E and 4 F-I, Fig. 5 ). The anatomical structure of the tunica reflected a delay in their flower morphogenesis. In the prefloral phase, the apex contained only 2-3 layers of tunica ( Fig. 2 F and  Fig. 4 I) .
Characteristics of the corpus
The corpus had a central and peripheral zone and poorly-defined procambium strands composed of periclinally divided cells (Fig. 4. H) . The corpus tends to form a radiating pattern from the central to peripheral zones. Cells basal to the central zone were aligned parallel to the shoot axis. Cytologically definable central cells were approximately 1.5 times larger than in the tunica, acropetally vacuolated, and arranged less regularly than those of surrounding cells. These cells tend to elongation which causes elongation of the apical internodes (bolting). The change in cell shape is an early event of the floral transition preceding the initiation of floral bract primordia. During transition to the evocation phase, the cytohistological zonation of broccoli apices did not become rearranged significantly (Fig. 2 A 1 -A 6 , control) . Anatomical analysis revealed that despite devernalization the corpus belonged to the least changeable area of the apical meristem.
Prefloral apex
In studying the increasing rate of cell division that occurs in the tunica and elongation of the axis in the corpus of the broccoli apex, we presumed that interruption in the transition to flowering induced by an increase of temperature during devernalization had begun on the 2 nd of June (Fig. 5) . Also, changes in the plane of cell division modify the dimension of the width of the meristem which increased/decreased alternately (Fig. 3) . Instead, the first indication of floral evocation (control) was evident when the surface of the apex enlarged (between June 2 nd -6 th ) and its width increased when compared to the vegetative apex (Fig. 2 A 1 -A 6 ) . The results of micrometric measurement of devernalized apices revealed a significant fluctuation of their width parameters after thermal stimulation. The width of the vegetative apex varied from 112.39±2.50 through 260.32±18.16 to 211.22±12.53 μm, respectively (Fig. 5) . 
DISCUSSION
Plants are capable of flowering if subjected to correct floral inductive conditions. In some species flowering does not occur until a certain number of internodes and leaves are developed. However, the relationship between total leaf number and response to temperature by floral initiation of cv. 'Fiesta' is not linear (T a n et al. 2000) . The promotion of flowering by low temperature (vernalization) occurs only if mitosis takes place during cold treatment (C u t t e r 1970).
Variable climatic conditions could modify the crop of broccoli curds due to sudden changes of temperature during seedling development. The effect of high temperature on young plants modifies floral primordia formation and delays curd harvest maturity (F u j i m e and O k u d a 1996).
As a result of previous investigations, the moment of flower evocation was considered to be when the meristem started to broaden and flatten at the buttress surface. The measurements revealed that during the evocation phase the mean tunica width of cv. 'Fiesta' was found to be 241 to 375 μm (K a ł u ż e w i c z et al. 2002) . In our recent analysis (after devernalization), the phase of flower evocation does not occur as early as in the control experiment (with vernalization only). The effects of temperature modify flower primordia initiation responses in broccoli. Plants grown at 16 o C formed floral primordia 1 week earlier than those not vernalized (F u j i m e et al. 1988 ). In our experiment, broccoli seedlings suddenly subjected to transfer from inductive to non-inductive conditions of temperature regime exhibited slow progress to the floral state. The time of flower evocation was delayed by disturbances which were indicated between the 2 nd and the 6 th of June 2006. The measurement of the size of the tunica was applied in order to provide data to make comparisons between subsequent developmental phases of the shoot apex of broccoli and to make it easier to predict harvest maturity. However, it became clear that these measurements could not be universally compared due to various apical shapes dependent on the position of the leaf primordia. During our investigations the development of the shoot apex was followed by evocation until the very early generative phase, so we distinguished only the prefloral phase. This is due to fact that histological observation was always static and fragmentary in character. A typical prefloral stage was recognized in many species (e.g. broccoli) and characterized by the distribution of RNA and protein between the axial and peripheral cells, which may indicate that the entire apex is involved in inflorescence production (C o r s o n and G i f f o r d , 1969). The transition of calabrese meristem from the vegetative to the floral phase was apparently speeded up by vernalization. It has already been shown in a controlled environment cabinet during the development of a temperature-response model for change in apex diameter (W u r r et al. 1995) .
At floral transition, the rate of cell division increased in all meristem zones, as has been reported in other species by C u t t e r (1970) as well as C o r s o n and G i f f o r d (1969).
CONCLUSIONS
1. The effect of devernalization on the anatomical structure of the broccoli meristem signifies as early as 6 days and induces retardation in its enlargement and flattening. 2. During transition to flowering the number of tunica layer continuously decreased. 3. The thermal stimulus plays a role throughout broccoli inflorescence morphogenesis.
